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ABSTRACT

The influence of strakes placed along vortical flows

has been determined in order to define ways of drag reduction

on wake-like flow fields present 
on aircraft afterbodies. 

.

Strakes of different aspect ratio and thickness were

tested at different angles of incidence with respect to a vortex-.'

path in order to evaluate the best configuration which can

reduce, or minimise, the cross flow kinetic energy, thus the

vortex drag of a vortical flow.

The flow field in the vicinity of the boattail of a

scale cargo aircraft was studied. The aircraft was tested

with and withou't strakes placed on its afterbody, the results

confirm that when strakes are properly placed on the boattail,

a reduction in drag is achievable.
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[projected axial area

.~ang _ Jirearward facing

D wake dimension, largest distance between contour

points of 1.1 Pr

DC KE , dimensionless cross flow kinetic energy
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D
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HWLC height of wake lower core (lowest portion of
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(P1+P2+P3+P4) , average peripheral pressure

4
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q , .
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PT total pressure
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P2
circumferential pressure measured by five hole probe -

P4 i

P5 pressure measured by the central tube in the five

hole probe

free stream pressure
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S wing area

u flow velocity component in the x-axis

U0 ,U ®  free stream velocity

v flow velocity component in the y-axis
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1. INTRODUCTION

1.1 Previous investigation

Wind tunnel and flight test results have shown that when

strakes are mounted in the afterbody part of an aircraft (or so

called "boattail") a reduction in the overall drag may be,-

obtained.

Previous researchers have investigated the flow on

afterbodies of representative fuselages of high upswept angle.

Different devices such as strakes and flow deflectors have been

fitted to such configurations and qualitative conclusions from "e

visualization experiments were drawn. In some cases the effect

of applying suction along the boattail area was investigated

and the effects on the afterbody induced wake was as well deter-
mined qualitatively.

Although helpful, no previous work done on aircraft

afterbodies could define exactly what is the effect, and its

reason, when a strake is placed along a wake-like flow, or

vortical flow, like the ones induced by aircraft with a large

unswept boattall angle.
".

This prompted the desire to carry out a series of

experiments at the von Karman Institute in order to define the

mechanisms of action of a strake in the presence of vortical

flows and it, ipplication on aircrafts as a way of drag reduction.

This repor -ibes such results.

I ,earch steps carried out

In order to carry out our proposed projects, several

steps were followed.

V.. 

.First, we investigated the flow field existent in an
aircraft where the fuselage-boattail combination induces a vortex

field.



2

Secondly, using a delta wing placed at a high angle of

attack, the flow field downstream of its trailing edge was

studied. This was done since previous research (Ref. 16) has
:.',. shown that the vortex field induced by aircraft afterbodies is>..

similar to the downstream vortex induced by separation on lift-

ing slender delta wings at high angles of attack.

By placing strakes of different configurations along

the vortex path downstream of the delta wing trailing edge, and

scanning the flow behind the strakes we determined the effect

of strakes in a vortical flow, and most important, defined ways

of drag reduction by defining which strake configuration mini-
mizes the vortex cross flow kinetic energy.

The above information served us to know how strakes

should be placed on aircraft afterbodies. This was done and

the results were validated by measuring the static pressures

along the aircraft afterbody surface.

", ! ;:*"1i
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2. THEORY

2.1 Determination of vortex drag

The analysis proposed by Maskell (Ref. 5) which is an

extension of the theory due to Betz to calculate the drag of a

wing of finite span from a wake survey in one plane downstream
of the model was adopted, in order to define what parameters on

the wake-drag equation could be minimized so that its drag

could be reduced.

Consider the flow generated by a lifting wing of
finite'span in a closed wind tunnel, where u,v,w are the x,y,z

components of velocity, Ps the static pressure, HT the total
head and D the total drag of the wing. If the flow is assumed

steady, incompressible and irrotational outside boundary layers

and wakes the conservation of momentum equation within a control

surface bounded upstream and downstream of the wake requires

that

D = (I+pU dS - f dS (1)

'A
This equation does not take into account the effect of pressure

gradients between the control surfaces.

The total head formula is, by definition :

H = Ps + 1 2+ 2..'-

- p (u +V2 +W 2 ) (inside wake) (2)
S 2

and outside the boundary layer and wake of the wing

1 2 (3)H T P. + -..

2

..where U, P, are the velocity and static pressure of the undis- N
~~turbed stream. .' "

-.... -
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Substituting equations (2) and (3) into (1) for the

two control planes respectively we obtain:

2. 2

D) = (HT HT2) dS + (UI-U 2 ) dS

JI [, 2 2 2 2

i + 1 p (V +W2)-(vl+wl) dS (4),--

2 JJ"

where denotes the integral over the wake region.

Equation 4 implies that the drag of a wake is propor-

tional to the sum of the cross flow velocity components squared

at the control surface downstream of the wake. Also, as the

value of the U2 velocity component approaches the undisturbed

stream velocity, the second term of the RHS equation (4) is

kept to a minimum.

Note that D, does not contain all the terms found in

a detailed vortex drag equation. Reference 14 details it

including wall effects and blockage terms.

S."-,.
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3. EXPERIMENTS

3.1 Data acquisition system and methodology

All measurements were acquired by means of the data

* acquisition system which can be seen in figure la. It consists

of a floppy disk driver linked to a Commodore PET computer

* .which acquires a signal at a predetermined lapse by means of a

stepping motor-scanivalve combination. The data is digitized,

stored in a digital cassette and reduced by the VKI central

computing system. The data is reduced as well by the PET com-
puter and some of the results are prompted during testing in

order to check the validity of the data acquired. All pressures

were checked against a Betz manometer. Figure Ic shows the data

acquisition schematic used for our experiments. Depending on

whether it was surface static pressures or velocity field plots

. .~ that we searched for, pressure taps or a five hole probe were

connected into a multiple portion scanivalve. A Validyne

MP45-1 variable reluctance transducer measured the pressure

difference with respect to the tunnel static pressure. The

voltage signal reached an amplifier of sufficient gain to opti-

mize the accuracy of measurements 
: an analog to digital conver-

ter was placed before the PET Commodore computer.

* Figures 2a and 2b show the five hole probe used for

our measurements. It was supported by a traversing mechanism
fixed along one of the straight walls of the test section and

_ , flow field surveys were made by displacing the probe along
surface planes perpendicular to the test section. The stem

which encloses the probes was aligned with the longitudinal

axes of the wind tunnel. A detailed view of the five hole

probe can be seen in figure 3 and the support system is shown

in figure 4.

The calibration curve for the pressure transducer is

shown in figure 5 showing the linearity of the instrument; its

deviation is 0.5%.

% 

O
p
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Appendix I includes the data acquisition program

implemented in the PET computer which was used for our tests.

3.2 Measurements using a five hole probe

Flow field measurements were done by means of a five

hole probe (Figs. 2a,3) in order to obtain a quantitative des-

cription of the three dimensional flow involved in our case.

This is of prime importance since we deal with vortex flows

where limiting streamline pattern, smoke injection and pressure

plots at the surface are not sufficient to understand the flow

behaviour.

The five hole probe method of measurement was used
since it can be set in a non-nulling mode of operation (i.e.,

the probe is inserted into the flow in a fixed attitude), and

physical quantities describing the flow can be deduced from

the pressures recorded by the probe.

Small measurement errors in vortical flows are expected

due to the finite probe size in flow gradients, unsteady effects

and probe response time.

Disturbances produced by the probe own geometry are

accounted for by calibrating it in a free stream of known speed

and direction. The calibration speed was the same as test con-

ditions with pitch angle limits higher than the expected in

vortex flows. ,

3.2.1 Calibration of the five holeprobe

This type of probe enables the total local pressure

and velocity vector components to be deduced from the pressures

sensed by the five tubes open to the flow in a configuration

shown in figure 3.
." %°.% .%
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The calibration was done following a combination of

the methods described by Wickens (Ref. 10) and Meineke (Ref. 7).

The parameters listed below are deduced from the pressures

measured by the probe. These are

P5'

2 2PD P-P dynamic pressure parameter k.

-- pV2

CPI = PT-P5 total pressure parameter
1 P3- i-.V.,

s= P2-P4 roll parameterPI PI -P3 ,

BR= ~'PP)+P-3 2  misalignment parameter

P5-P
.~sJ I...

where P1-P4 are the pressures at the probe defined in figure 6B. ..?

These relations are sufficient to obtain a calibrated probe if

the flow direction is given by the pitch angle e, and the roll

angle € normal to the probe head. The actual roll flow angle
tnI P2-P4

can then be deduced from the relation tan. ,
P1-P3

The pitch and roll angles and the flow direction

quadrants are defined according to the convention shown in

figure 6b. The calibration duct used for our probe is shown in

- figure 6a. By keeping its velocity constant and varying the

pitch and roll angles covered by the different quadrants, the

• calibration data shown in figures 7-11 was finally obtained.

These curves were approximated by a N degree polynomial (its

degree was chosen depending on the data scatter) and input

in the data reduction program. Each of the plots in figures

7-11 show the experimental data curves and points (dashed line)

and the polynomial curve (solid line) which was used to approxi-

mate the data. The polynomial formulas used can be read from

Table 1. ,..
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Figure 10 shows the agreement betwe n the calculated

roll angle and the one set in the calibratio duct

The dynamic pressure parameter var ation with ,a. ,

respect to the roll angle can be seen in fi ure 11. Although

not as symmetric as Wickens' results, its c clic variation

with quadrants variations is well defined.

3.2.2 Calculation of total _pres ure and

flow velocity components,

During tests, the central and circumferential pres-

sures measured from the five hole probe were recorded. These

results were used to calculate , deduce the quadrant from

N which the flow is coming, and the value for BIR. Knowing BIR,

le could be found from the calibration curves.

Secondly, the parameter PD could be obtained from

the calibration polynomials. This allowed us to deduce the

value of the local velocity vector using the following
relation:

V = P-P

p PD
2

The parameter CP was then found from the calibration

plots. Finally, the total local pressure could be obtained by .

using PT = P5 + I pV2CP.
2

The probe axis system and the Cartesian system are

shown in figure 6b. The transformation formulas used were :

% .6*

.- ,.
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sinlIal = sin el x cos I I

'.9-. cos I 
%.'99 coslyl = V1-si n21 e lxcos2I0.

and vice versa

tanol sinly... anI€I -:

tan a

cos10I coslal • coslyl
.. ' 

.\

Velocity component signs were given by knowing the

flow quadrant. The quadrant numbering convention was defined

as follows:
9. 9 

'-. -"

Quadrant I: a > 00 y > 00

P1 > P3, P4 > P2

Quadrant II: a > 00 < 00

P1 > P3, P2 > P4

Quadrant III: < 00 y < 00

P3 > P1, P2>P4

Quadrant IV: a < 00 y < 00

P3 > P1, P4 > P2

Finally, the flow velocity components were calculated

using the following relations

. ~u= V x Cosa x cosy -

v= V x Cosa x siny

w V x sina

9,%, . ,T
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3.3 The VKI L-2A wind tunnel

The L-2A is an open return closed test section wind

tunnel as shown in figure 12. The speeds at which all our,e.

measurements were taken was at 29 m/s (50 mm H20)). In order

to ensure that the cross flow velocity irregularities present

in the clean tunnel would not influence the accuracy of our

experiments, two flow surveys were made at different test sec- -.

tion stations; measurements of turbulence were carried out as

well. Figure 13 shows the cross sectional view of the L-2A.

The solid line bounds the area where the flow surveys were

made and the dashed line is the boundary of the turbulence level

measurements. All flow field and turbulent maps are shown

looking upstream of the test section. -.

3.3.1 Flow quality

Figure 14 shows a flow field map of one of the test

section stations surveyed. The magnitude of the cross flow

velocities is of the order of 0.50 m/s, which gives an average

flow angularity on the tunnel of about 1.0 degree. The rota-

tional motion seen in figure 14 is thought to be inherent of

tunnels of such classes. The magnitude of the cross flow velo-

cities is small compared to the results of our experiments,.. : 
-o -

therefore no large margin of error was expected. Isolines of

total pressure are also shown across the test section. In

case one is to compare the magnitude of the cross flow vectors

by looking at the length of the arrow-vector itself, the reader

should note that the cross flow vector plot of figure 14 is not

plotted in the same proportion as the rest of the cross flow

vector plots existing in this report. ... ,

3.3.2 Turbulence measurements

Figures 15a and 15b show turbulence levels and iso-

lines found at the same station as the cross flow survey was

done. The average percent of turbulence found at the center

of the test section was of about 0.50%. S

t -/a.'
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Figure 16 shows isolines of Pr' found in the L-2A

test section.

Figures 17a and 17b show a schematic from the models

tested during our research as they were positioned in the

tunnel with the boundaries of flow quality survey and turbulence.

Geometric blockage calculations indicate that for the

models tested their value was of 3%.

3.4 The aircraft model

In order to study the flow field in the vicinity of

_ an aircraft afterbody, a 1/72 scale model of a Lockheed Hercules

C-130 E was used. Figures 18a and 18b show the aircraft tested,

the upswept angle at the fuselage-boattail junction is of approxi-

mately 250 and reaches values as high as 300 at the end of the

boattail. Forty eight pressure taps were installed in a circum-

ferential manner along the fuselage boattail on four different

fuselage stations (12 orifices along each station) and their

values measured by means of tubing installed through the air-

craft wing (Fig. 57). All tests on the aircraft were done at

zero degrees fuselage angle of attack. The Reynolds number

of tests based on fuselage diameter was of 1.8 x 105. Transi-

tion strips which consisted of sand of height dimensions vary-

ing between .420 and .590 mm were placed along the beginning

of the fuselage and on the upper surface of the wing. The

first one was placed in order to ensure having turbulent flow

at the afterbody; the transition strip over the wing was placed

to create the correct downwash angle of the wing along the

boattail.

Figure 19 shows the experimental set up as the model

was installed in the test section. For measuring the static

pressures on the boattail, the 48 port scanivalve placed on

the lower left corner was used. The traversing mechanism

seen on the right was used to displace the five hole probe.
--. 5-.-

.'-,. "
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A three view picture of a C-130 model is seen in

figure 20. The side view denotes the different fuselage

stations where the flow field was surveyed. Fuselage station

No. 1 is located at the fuselage-afterbody junction and No. 5

is at the end of the boattail whereas No. 6 is located one

fuselage diameter downstream of No. 5.

Note that fuselage station 3 of the aircraft corres-

ponds to the same wind tunnel longitudinal station at which

the flow quality survey and turbulence measurements were made.

Pressure taps were installed along fuselage stations

Nos. 1,2,3,4 and their positioning can be seen in figure 57.

3.4.1 Oil smoke visualization

By inserting oil smoke upstream of the aircraft the

boattail induced wake could be visualized. Such is the caca of

figure 21 which was taken at fuselage station No. 3. Even

though photographic quality is not the best since the pictures

were taken with a camera outside the test section focused on a

mirror inside, the wake could clearly be seen which also gave

us an estimation of the measurement domain of our flow field

surveys. The smoke flow visualization results agree qualita-
,--.

tively with the flow field surveys using the five hole probe.

3.4.2 Flow field surveys ".-4...-..;

In the case of the C-130 where there is a high surface

curvature at the junction of the fuselage side panels and the

afterbody lower area, the three dimensional boundary layer flow

seems to leave the surface near this junction and roll up into

trailing vortices which travel along the boattail as they are

swept upwards. Such is the indication of the flow field surveys

starting at fuselage stations No. I to No. 5. A complete wake

can be deduced to exist at the end of the boattail area (No. 5)

..................................... .. .. S
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and this is validated when the flow field is surveyed downstream .i

of the aircraft (F.S. No. 6). The measurement domain could not

go higher since the horizontal tail interfered with the probe

stem.

Isolines of Pr indicate two areas of pressure loss

at the end of the boattail as indicated by figure 26b. The

first is along the side of the boattail and the second of

* slightly less loss, is a bluff wake which leaves the fuselage

right behind it. When isolines of cross flow kinetic energy

" :.. are plotted non dimensionalized with respect to the free stream

velocity squared, the location of the wakes is more easily

deduced, as shown in figure 26c.

The flow field survey downstream of the boattail

(Fig. 27a) shows the final geometry of the wake as it leaves

the aircraft in conjunction with other small wakes like the

one near the vertical tail. Isolines of Pr (Fig. 27b) denote

two areas of large pressure loss which probably are the boat-

tail induced trailing vortex, and the bluff wake which leaves "..

the aircraft through the corner of the end of the boattail.

:J.

Figure 27c agrees with the previous figure by locat- % %

ing the position of the boattail induced vortex with isolines

of cross flow kinetic energy.

3.4.3 Limiting streamlines visualization
-' . - - - - -

Limiting streamlines visualizations was done by mixing

talc, oleic acid, titanium dioxide, gasoline and oil and placing

small dots on the afterbody surface. Figure 28a shows the

top view of the aircraft, where limiting streamlines travel-

ling close together tend to separate in different directions.

Figure 28b gives an idea of the embracing of the flow over the

boattail as well as the downwash angle induced by the wing.

Two separation lines can be seen, one at the side-panel-bottom

junction and the other which is also seen in figure 28c,

"* 4' %V,



7. 7 p

-14-

corresponding to the bluff wake that leaves the boattail

through the afterbody corner. Note on figure 28c the result

of stagnated flow present on the upper end of the boattail;

some of the mixture used to viisualize the limiting streamlines

did not move.

3.5 The delta wing

A delta wing of aspect ratio = 1.0 (Fig. 29) placed

at 200 angle of attack was positioned on a flat plate and tested

in the wind tunnel.

3.5.1 Flow field surveys downstream of it

Surveys were made in order to determine the position . _

of the vortex path as it travels downstream. Figures 30a,b,c

show the flow field, Pr and CFKE isolines of a plane C = 0.625

downstream of the trailing edge. Figures 31a,b show the cross

flow field and CFKE values of a plane c = 1.875 downstream of

the trailing edge.

Results of the flow field survey at { = 2.5 are shown

in figures 32a,b and c. The control plane has been increased

compared to the ones shown in figures 30 and 31.

The & = 2.5 station is the basis for our analysis

when we will compare these results against the same control

plane but having strakes placed before it.

3.5.2 Vortex core travel path

Figure 33 shows the travel path that the delta wing

induced vortex follows as it leaves the trailing edge. Note

that the helix makes an angle with respect to the momentum _
flow direction and that as it travels downstream it tends to "'

curve referenced to the tunnel axis. The height of the vortex

core is approximately constant as it moves downstream.

I''" q
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3.6 Strakes placed downstream of the delta wing

3.6.1 Thin strakes .1

4.. :Different strake configurations were placed downstream

of the delta wing, and pivoted at = 1.25, in order to change

.-,: the angle of incidence with respect to the incoming vortex.,'-
.: .. .4,.

Figure 34 shows how strakes were placed on the flat

plate and their position with respect to the wing. The flow

field downstream of the strake was studied (at the E = 2.50

plane). ~-

Measurements of static pressures on the strake

surfaces were also done.

Figure 35 shows the different strake configurations

that were tested. Water tunnel flow visualization studies were

made by placing a delta wing of AR =1 at 200 angle of attack

and observing the vortex path and the field downstream of the ...=

strakes qualitatively. Figure 36 shows the set up used. The

vortex formed by the delta wing leading edge separation as it

travels downstream was observed and strakes were positioned

along the path. , .

The height of the strake was chosen so that it would
reach three different levels of H (as defined in figure 37).

If we look upstream on the P isolines plot of figure 32b, wake

dimension D is the distance from the vortex core to the Pr = 1.1

isoline (the largest). Therefore H = 0 when the strake reaches

.r = 1.1 on the lower side and 1.0 when it reaches the highest

point along the curve, H = 0.5 when the height of the strake

reaches the vortex core. The angle of attack sign can be de-

fined in the conventional way. It is positive when the leading

edge of the strake is moved right and negative when it moves

left. The zero alpha position was when the strake is aligned

and in the center of the vortex path.

-,.?-
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Figure 38 shows that when the strake H = 0 is placed

at a negative angle, as the helix moves along the strake the

lower part of the vortex which cannot jump to the other side

continues having a vortical type motion, but the flow coming '

out of the forward facing side is streamlined as a result of

not having rotational energy or vorticity contributed by the

flow on the opposite side of the strake.

The same sort of effect is present when ar =,

although the streamlined flow has changed positions and the

main vortex core has been displaced.

For positive incidence, the appearance of an opposite

direction vortex field from the main appears in the lower right

corner with small values for its cross velocities. For negative

incidences, the values of the velocities are higher than for

angles of zero or above.

The same trend is followed by strakes of ratio H = 0.5 .-"

(Figs. 41-43) although the magnitude of their cross flow veloci-
ties is smaller than for the H = 0 case, especially when er =09

which produces a streamlining effect clearly noticed.

At positive angles of attack, a double vortex is

definitely present which reduces the magnitude of opposite_-
direction velocities of the velocity vector integral, thus

reducing the vortex energy loss.

.. Water tunnel visualization for H = 0.5 strake is

shown in figure 44 which confirms the result shown by the cross

flow velocity components plots : an existing vortex is still

present at a = -15 and is streamlined as ar = 0; at positive

angles of attack, part of the vortex flow is redirected due

to the influence of the strake presence and still maintains

S.5 4.. vortex motion, and the other plot "jumps over" (Fig. 44b) the
strake with its core finding a new equilibrium position near
tr,. the lower corner of the control plane. ... "€;

• ,. .. ..*
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Similar observations are found for strakes of H= 1.0

(Figs. 45-47) with the difference that the velocity .components

are higher than H = 0.5 and H = O.expect for r = 15 Strakes

of H 1.0 have a wider area of pressure loss where a vortex -...

core is present. This can be observed on the Pr isoline plots.

Water tunnel visualization for strakes of different

H and constant a is seen in figure 48. For the case of strake

placed in the lower edge of the vortex, the wing induced vortex

does not get influenced as much as the other two cases do.

For the H = 1.0 case the vortex impinges on the forward facing :. .

surface and does create a more disorganized flow than the

H = 0.5 case.

3.6.2 Thick strakes

In order tc evaluate the effect of thickness on the

cross flow kinetic energy, strakes of H = 0.5 ratio were tested

..* at different angles of attack. The resultant flow field ..

agrees in trend and in approximate magnitude with the thin

strakes placed at similar incidences. Results show that at

ar = 0 the flow field is much more streamlined than ar = -15

and that for = 15* a double vortex formation of opposite

velocity direction occurs.

3.7 Pressure measurements on strakes

Figure 52 shows the three different thick strake .- '.. \

configurations that were tested and where static pressure
measurements were made on each surface. The reason for these -,: I

measurements was to find out which strake configuration bends

providing a reduction in CFKE, would at the same time create ,.

lift or favourable force along its axis.

Figures 53,54 and 55 show pressure distribution for

H 0 0, 0.5, 1.0 strakes at three different angles of attack.

9.,". ..
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The results are similar for the three strake configu-

rations. This implies that the height of the strakes is

irrelevant for its pressure sensed. When strakes are placed

at angles of attack with respect to the incoming vortex of 00

or less, the net result is an increase in lift, which as a

result provides an increase in thrust along the strake axis.

Calculations of lift integrals are not possible since

the amount of pressure drop was not considered eniugh. The

results, though, give an indication of how a strake works.

3.8 Aircraft model with strakes mounted

on its boattail

3.8.1 Criteria for placing the afterbody strakes

Although it will be discussed in detail in the con-

clusion section, integrals of DCFKE for all strake configura-

tions tested indicate that CFKE is lowest for strakes of

H = 0.5 and for r =5

In order to place strakes along the boattail of the ,.- .

aircraft, the location of the wake and its distance from the

fuselage had to be found.

Figure 56a shows the wake path along the boattail

area as it moves downstream. With that information at hand,

a pair of strakes of the same height/length ratio as the ones

tested were built whose height when positioned on the boattail,

reached the afterbody wake core (Fig. 56b).

The strakes were placed at an = 15 with respect to

the wake core and supported to the nearest pressure tap hole.

This allowed us to check the pressure measured by the strake

and compare that to the pressures obtained in the delta wing-

strake combination set up. Besides, the static pressures along

the boattail including strakes were measured as shown by

figure 57.

..-.U _
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Although the best overall configuration (lowest CFKE,
highest lift) would be H = 0.5, ar 0 strake, as = 15* were ,;.].

used in order to validate the CFKE criteria on which our

investigation was based.
-.. 5

The location along the fuselage where strakes were

placed was arbitrarily chosen along the region where the pri-

mary separation line was found from the limiting streamlines

visualization. ...

Figures 58a,b show how strakes were placed along the

boattail and their angle with respect to the afterbody lines.

3.9 Limiting streamlines visualization

Limiting streamlines flow visualization of the aircraft
with strakes is shown in figure 59. Figure 59a shows how the

strake delays the primary separation line; figure 59b shows

that the downwash angle along the boattail is reduced, stream-

lining the flow, probably due to the pressure field induced by
the strake. Figure 59c compared to limiting streamlines without

strakes shows that the flow is attached to the boattail as it

reaches the Ond of the afterbody area, eliminating the pressure

loss and wake induced by the afterbody alone.

3.9.1 Pressure measurements in the aircraft strake

The pressure measured by the strakes placed on the

aircraft (Fig. 54c) agree with the results obtained from the

pressure measurements study; that is, the strake feels a nega-
tive lift on its surface. Its value agree closely with the

o s m%-u..ones measured on the flat-plate-delta-wing-strake set up..-..-

. "%"
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4. ANALYSIS OF RESULTS

4.1 On strakes

Besides the observations noted earlier on the flow

fields some analysis is considered necessary-by looking at

figure 60. It shows the values of the cross flow kinetic energy

obtained for different strake ratios H and different angles of

attack. For all ratios of H, the CFKE is lowest at positive

angle of attack.

The values of CFKE obtained with a thick strake of

H = 0.5 are close to those obtained with a thin strake. Also

the resultant flow field induced by a thick strake is similar

in trends, and close in magnitude of velocity vectors to the

one obtained by a thin strake. This allows us to conclude

that the pressure distribution on strakes and their behaviour

along a vortex is similarly independent of its thick ones.

4.2 On the pressure distribution along the boattail

The pressure distribution along the aircraft boattail

with and without strakes is shown in figure 61. It shows that % .V1N

by properly placing strakes on it, the pressure on the afterbody

increases. In other words an extra "push" or "thrust" is

created due to the effect induced by the strakes on the surface.

The extra axial force obtained when strakes are placed on the

surface was found by multiplying the wedge pressure of each -....

tap by the projected boattail area of each hole, which was

chosen by drawing centerlines along mid distance points between

taps. It was found to be 23% extra. This force is subtracted

from the total drag of the aircraft. An estimated reduction in

drag for a typical cargo aircraft would be of approximately

0.004 Cx under the conditions described in this section.

77-= S5
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5. UNCERTAINTY ANALYSIS

Measurement errors as a result of instrumentation

inaccuracies as well as test conditions fluctuations were

deduced from calibration curves, and by monitoring deviations

that occurred on certain test parameters.

5.1 Accuracy range of equipment used

All pressure measurements were calibrated against a

Betz manometer whose accuracy is within ± 0.1 mm H20. The

deviation of the pressure transducer used for the probe and

surface pressures is of 0.5%.

Variations in the tunneljvelocity were kept to

± 0.2 mm H2 0 with set test conditions.

Pressure variations in the five hole probe tubes when

-~ being calibrated were of about 1.0 mm H2 0.

Angle settings in the calibration duct could be easily *-.

set within 0.20.

5.2 Error margins in test data

From the five hole probe calibration data we can

deduce its roll and pitch angle deviation. The accuracy of the

roll angle is within 2.50 at low values of 0 and of 0.890 at

larger settings. The probe misalignment angle is as low as 0.4'

and a maximum of 2.50.

From flow quality measurements, the flow angularity

of the wind tunnel was found to be of about 10.

Static pressure coefficients measured on the aircraft

boattail and on the strakes surfaces varied within ± 0.05 of C.C- -

p,. .

....... .... .. . ..... _
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6. CONCLUSIONS

The main conclusions which can be drawn from this

study are

Aircraft which have a highly upswept afterbody induce

a wake-like flow which leaves the boattail as it moves upward.

Strakes, when placed along the path of a vortex,

streamline the flow, thus its cross flow kinetic energy is

reduced.

When strakes are placed at positive incidence, the -'.-

resultant flow field downstream of it includes two vortices

of opposite direction. By that, the cross flow velocity

components integral is reduced.

Strakes provide lift when placed at angles of attack

of zero or lower than zero with respect to the vortex path. ....-.

Therefore, a thrust is created.

When strakes are placed at angles of attack equal or

greater than zero, a reduction in the cross flow kinetic

energy occurs. Therefore, the vortex drag is aiso reduced.

Strakes placed properly on an airplane boattail

reduce its overall drag by increasing the static pressure in

the afterbody surface.

r -.
.'S, ..
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TABLE II

TI- Flow field velocity vectors tabulation for figure 32a
=2.5)

T2 -Flow field velocity vectors tabulation for figure 27a

(F.S. 6)

Note in all cases, figures are shown looking upstream.

The y-axis increases to the left, and z-axis increases '-

upwards.

The data columns are tabulated in y,z,v,w order

% .

.*
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APPENDIX I COMPUTER PROGRAM LISTINGS

A Cassette digital data readout and implementation of

pressure transducer coefficients

B - Program for operating data blocks

C - Program used to interchange data points

D - Program for altering data

E - Calculation of velocity vectors, preparation of stream-

lines, data matrix, and creation of pressure isolines

block S'o

F Calculation of velocity vectors and creation of cross -

flow kinetic energy isolines block

G - PET Commodore program used for calibration of five

hole probe

H PET Commodore program used for data acquisition into d'

digital cassette (G and H require machine language

program to relate scanivalve A at set intervals of

time)
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C RE D FILE CREATEDr BY .DX AND REURITE IT AFTER APPLYING COEFFICIEITS C
c

N A 1i E . E U S C
A UTHOR OTTE A. C "

C DATE ;,-MAY-S3 C
C SUBROUTINES CALLED PARAMI, 'rETCDX C

PROGRAMi JEUS

DtIiENS!ON COEF( '.,FC(5)
LOGICAL*I YES

'4 N C AH= 5"""

CALL PARAMI ,.COEF,2,1)
C
to CALL GETCDX f HCP, COEFFC.FACT 
C

STOP
END

c --- ------- --------. ------- -------

SUBROUTINE GETCDX (NPTSCOEF vPlFACT,
DIMENSTON IYAL(50), ISUFI, 25i ), I UF2,' 5ti ,,t rrl, .FC,. 5
LOGICAL*I FILEI(15),FILE2(15),YES

". IVI=i

FACT=1. JEUSETTE

4 TYPE I
1 FORriAT(/' RAW DATA FILEHAME 4$)

CALL GETSTR (5FILEI,314)
CALL ASSIGtI (,FILE1) F.ILE
DEFINE FILE I (0,256,U, IVI) .

* C
* TYPE 500

300 OC FORMfAT(' NEW FILENAMIE
CALL GETSTR (3,FILE2, 14'
CALL ASSIGN (2,FILE2)
DEFINE FILE 2 (O,236,U,IVZ)

C
I OUT=0
TYPE I 11!

S 11 FORMAT(' OUTPUT VERIFICATION ? EY/N.
IF(YESO) IOUT=-

C
READ (I'IVI) IBUFI
UdRI TE (2'IV2) IBUFI"

NCN=IBUFI( 2)
IF(NPTS.GT.O) GO TO 5
GO TO 6

5 IF:NCAN.HE.NPTS) NCANH=PTS
O 6 NREC=IBUFl(3)

IF(NPTS.GT.IBUFI(2)> NREC=NREC,/NCAH*I8UF1(5)
IR.ECuC.

tO ,J 11=1'.....

J2=NCAN

"., , , ,-.: 2,E.._ GO TO 4000 _ 1 JEUS



C l I UEA2
IPEC=IREC+1

IF(IRECAtE.IREC) GO TO 1000 .0
IF(IREC.E13.HREC) GO TO 40

IF( JI.EQ . -57 ) iR I T E (2V'1 Y- WIFn
I F( J I.EQ. 25 7) GO TO0 10
J 2=J t#MC At- i
I F( J2.LE .256 ) GO TO 1.5

'CDO 75 J=4 1..256

IYAL( I )=IBUFI( i
35 COIT INIJE

I GO2
GO TO 1000

j I=
J2=J2-253
GO TO I

C
1000 K()

IF( IGO.EQ.2) JE=256
D~O 3000 JJ=.J1,JE
I =K K+ I
FC( K >=COEF( I)
DO 20.a0 11=2,2

2000 C 0 14T 111 UE
18U F 2( J J )=FC( KC )FACT

I~3000 C OR T IH E
IF( 1OLT.Eg. 1) TYPE 9999,J1,J2,' [yAL(H>,N=-I,!5>,C18UF2(N),N:JI,JE)

999 FORMAT(216.1 ,5~,
* GO TO C6C't70) IGO

?-4000 D0 5000 JJJ=J,256
5000 IBUF2(JJJ)=*
40 CONINIJE

tiI TLL (2'S (12 ) S
CALL CLOSE (2)

END
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PROGRAM APPEND B -
LOGICAL *1 HAHEI415),NAEZ(15 .YES
DIMENS10" 1BUF( 256)) IVAL( .....

C
5 TYPE 10
"0 FORIIAT(' INPUT FILENAME S,.

CALL GETSTR(5dIAME1 14)
DEFINE FILE 1 (0,256,U.. IVI)
CALL ASSIGN (1,NAIIEI)

C
TYPE 15

15 FORMAT(' OUTPUT FILENAME ,..
CALL GETSTR(5;NAfME2,14)
CALL ASSIGN (2,NAME2)
DEFINE FILE 2 (0,5,U, IV2)

* . 1V2=1

20 CALL GETVALC5,IYALISTAT,NAME,IIV) ! LECTURE TRAIN DE CAHAUX
TYPE 1234., I L .

1234 FORrA T< 5 I1 )
10 RI TE( 2" 1V2 )I VAL
IFI: IVA !( .Ell.0) GO TO 30

GO TO 2
C
30 CALL CLOSE I>

C
TYPE 50

50 FORIIAT( , DATA FILENAME TO APPEND I,°,.'NI
IFi.HOT.YES()) GO TO 55
TYPE 6 0

60 FORTIAT(' INPUT FILENAME '")
CALL GETSTR (5,NAMEI.14"
CALL ASSIGN (1,NAMEI)
DEFIHE FILE I (0,256,U, IVl...-.. IVl= I :.:

GO TO) 24)
55 CONTINUE
6,,-DO I-- ,5 _1=1.3-36 IVAL( I .1=0

WRITE(2' IV2 IVAL
CALL CLOSE (2)

C
-:. TYPE 40

40 FORMAT(' DO YOU WANT TO CONTINUE ? (Y/NI ; ')
IF(YES(), GO TO 5

C-----------------------------------------------------------------
SUBROUTINE GETYAL (NPTS,IVAL,K,FILEIV1)
DIMENSION IVAL(1),IBUF(256>.
DATA IDEB/O/
LOGICAL*! FILE(15)
K=O STATUS INITIALIZATION
IF(IDEB.NE.,) GO TO 30

,S.'., IV1 1 -

C
INFILE=O ! FILE NOT DEFINED BEFORE CAL--
DO 2 "1, 15
IF(FILE(I.NE." ') GO TO 3 ! NO BLANC STRING, FILE EXIST.

.: 2 CONTINUE

GO TO 4
-:, 3 INFILE"I l FILE DEFINED EFORE GALL-__-%
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B2
4/. 4 TYPE I

,, ZFORMAT(/' RAW DATA FILEHAME
CALL GETSTR (5,FILE,1 4)
CALL ASSIGN (1,FILE)

DEFINE FILE 1 .25 6, U, IV"

100 READ (' ,rlv) 11UF.

HCANi=Bur\,2-

I F(NPTS.GT.0) GO TO 5
GO TO) 6
IFCNCAN.NE.NPTS) NCAN=NPTS

,.. b 1REC=IBUF(3)""-"-. .,

IF(NPTS.GT.IBUF(2)) NREC=HREC/NCAN*ISUF(5)
- 7 IREC=0

J2=NCAN

20 D 1 25 1 1 12

I + "I

.,., ~ ~~ REAL( I!" I l 81F IJ F.:.:.,. "-,. 11=141...

IF(:I Y1- *I EP.0) GO TO 40
"-.. 25 CO H = , ""I'-UE

* IREC=IPEC+1
IDE8=1 -

IF( I REC. NE.FEC RETURN

S GO TO 40
7 o I = 2+ J 1.

I FE J I .E.257) GO TO tO
J2=J1+tCAH-1
IF(J2.LE.256) GO TO 15
1=0
DO 35 J=.l,256

IVAL(I)=IBUF(J-
35 CONTINUE . -

READ (1'II1) IBUF

*J2.J 2-256
GO Ti) 2 0

40 1 DE B =
CON T 14UE
IF( INFILE EQ.0 CALL CLOSE (1)K=- I ,

R E T U RN
E (A4D

ow.

'V ."' .-'-

' ." ,- ' .' . .

L ,,. ,- . . .-,.: :.,
.9.%'% . '



PROGR4!M UPDRTE 38-
DIMENSION IVAL(5 ,JVAL(5.
LOGICAL*I HAMEE(15>,NAME2(15 ,YES

10 TYPE 20
2,0 FORMIAT NAME O3F FILE TO BE UPDATED ; $

CALL GETSTR (5,HOMEI1,14 )
CALL ASSIGN (INA MEi i
DEFINE FILE 1 (0,5,U, IVI) 0

. 30 TYPE 40
40 FORMAT(' RECORD NUMBER TO BE REPLACED '5,

" ACCEPT 50,.R1 
50 FORMAT( 15)

IF(IRI. EQ ) GO TO 999
1 0 TYPE 70
70 FORMA'T,: NAME OF FILE TO PICK UP RECORD 'S)

" CALL GETSTR (5,RAME2, 14)
"-" CALL ASSIGN (2,NAME2)

DEFINE FILE 2 (0S5,U.,1V2)
* . 75 TYPE 80

80 FOR MAT(' RECORD NUMBER TO PICK UP '5)
ACCEPT 50,IR2
IF(IR2.EO O) GO TO 888"
READ(I:IRI) IVAL
TYPE 1000, IVLAL

10.)'0 FORMAT(I ) "
READ(2'IR2) JVAL lC
TYPE 100,JVAL
TYPE 2000 "

2000 FORMAT(' RECORD O.K.? N[Y/' ")
IF': NOT. YES()) GO TO 75
,RI TE(I' IRI ) ,VAL
CALL CLOSE (2)
'GO TO 30-

888 CONTINUE "
CALL CLOSE (2)

131-39 CONTINUE
CCC CALL CLOSE (1)

TYPE 4000
4000 FORIAT(' DO YOU WANT TO DELETE RECORDS ? Y/I] '--

IF(.NOT.YESo)> GO TO 5000
. ' C

TYPE 4010
_, 4010 FORMAT(" NUMBER OF RECORDS TO BE DELETED '$)

ACCEPT 50,NRDEL
TYPE 4020"

4620 FORMAT<' START DELETING FROM RECORD NUMBER I . -
ACCEPT 50,ISTART

C
J R= I START+NRDEL
*JiW=ISTART

4030 READ(I'JR,EHD=5O00,ERR=5O0) I'AL
4, TYPE 6000,JW,JR,IVAL

6000 FORMAT(7I8)
WRITE(I'JW) IVAL
J R=JF+ I

IF(IVAL(1).NE .O) GO TO 4030

5000 CALL CLOSE (1)

TYPE 3 0..
3000 FORMAT(' DO YOU dANT TO CONTINUE ? EY/HI ? ')

[j'-- IF(YE'3')) GO TO 10:'")'-:

S.." STI)P S TOP
END
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c PROGRAM e! D4
C AUTHOR:GU!J. ORDONEZ AR'B2-83
C PGM REPLACES VALUE FOUND IN PA DATA FROM DIGITAL CASSETE
C TO VALUE ASSIGNED BY THE USER '0

D IE t' ION BUF(2 16) 1.-1 -".-3
LOGI CAL NAM.E 1(15)

10 TYPE 20 , . .

20 FORMIAT(' INFUT FILENA11E!'$)
CALL GETSTR(5 HAMEI 14)
CALL ASSIGN(INAMEIt )
DEFINE FILE 1 0.,256,U,IVI.-'
li 1 = I . -:'

TYPE 30
30 FORMAT(' BLOCK NUMBER TO BE MODIFIED:'$)

ACCEPT 5',H 
0 FORMAT( 1 ).

NH I " ...

NR =N
READ( 'N ' IBUF
TYPE 40

40 FOI)r7T(" NUM,BER OF VALUE IN SLOCKI'"-)
0 CEPT 50,K
TYPE 10o

Io F)I.1IAT ( ' ENTER NE9I VALUE: '$)
ACCEPT 5 IVA L

lBI0F(K>=IVAL IUi.;lRITE ( .'AN ISUF"" "

CALL CLOSE(I"
STOP
E ND'

..-.3. .. '.

* .•....

. ....... 0j w",.'

4 , ._...___



~E I
PREPARE A DAT A F!LE F0 R 'E:' [,VES PLO: TITI EG P1 R F .'r .L I 1 SOL I NES
N A 11 E H r U S
GLS ORcEJE:. AR'?2-83

PGMI CALCULATES CROSS" FL' EL0' 1 TY C.13MP ti Et T 14 T11T AL PR E S URE 0
AHc, PREP APES .T A F 1 R ST REH!L 1 - PL T 1; [, Ft

c TO3TAL PRESS 'JPE

CO 0 111 X F,. 5 0, Y(. 50 i, 5 0;, 1VR L 5. F(5 :X P L ISO 5,;' .[[T]
- \COMM114 ,'.R 50 9;, 5,, R,50" TT F F v HY 'N Y

L r C .-:.- Ali E

G=9 . 8(6356
TYPE 1,)0.

1 00 FORIAT( I'PIEF OF POINTS O X-AXIS ")
"'" ... . AC!EPT I 1'. N' , " '."-"

TYPE 121)
120 FORMAT(' NUMBER OF POINTS ON Y-A XI S 'S)

A -C.E T I I. NY
TYPE 1 3-" -

', FORMIAT( IIT IAL VALUE FOR X '5>

kCC~IEPT 14 4'. ~
1 40 F')RI'1AT,:' F I

TYPE 50..
15q FORIAT(' INITIAL VALUE FOR Y

ACCEPT 140,YI
TYPE 155

155 FORMAT(' STEP FOR X/Y '5)
ACCEPT 140,STEP

C
159 TYPE 16t)
160 FORIIAT(' DATA INPUT FILEHAME IS)

" . ..- CALL GETSTR (5,NAMEI 14)
CALL ASSIGN (I,HAMEI):,
DEFINE FILE I (O,5.,U., iV ;

",'' IVI= 1 ,. I'

C
.- t;:X*NY TOTAL NUMBER OF POINTS

NNN

CALL ASSIGN 2,'.STREAM1 OUT ,
DEFINE FILE 2 (O.,SU,IV2"

c
TYPE 506--

0 .FOR4T I Ql rPUT FILEIIAME FOR ISOL INE. IS)
CALL GETSTR (5, MNA E E . 14 > -.
CALL ASSIGH (3 NAME3)

- TYPE 510
5,[ j 0 FORMATk' TITLE FOR ISOLINES PLOT 'S)

ACCEPT 520, TITLE
5.. . Q; FOFMAT( 2CA ,- . .- '

I~ IWITE(3,525) TITLE . RECORD I FOR PLIS
525 FORMAT(1X 20A4 A"'

% eRITE(3,*> NX,HY RECORD 2 ",

XP( I )=O.%%

DO 530 I=2 NX . -
S 3( XP I )XP( I- I)+STEP

4RITE(3,*> (XPIK),K=I,NX RECORD 3- X-COORD.
XP( 1 )-.

.-. .... . . DO- 54 =2,NY.. .
_ 40 XP( J :XP( J- I )+STEP
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E21  :::E:'::::::
E! Z:: -4 --.- 11 E F-- P PJ II

1''I 'T FFR! ' " TFH .PNEFIV E .

ACC EF 1 4,;., Pk T
TYPE 1)2.

1 0 2 0F 11 F 4 .f T ' r i E M P E F "1 R E ' %: ' - " .

T ','P E 3 "x,'....7
103o0 YOII z : ' cl m IC c RF:.E," F 1z.:, F -,_ f, "F. "kC C EPT D4 ' FIi H..

C T E D P;. 1, -4 G ;-'-'-"P I - S E P

.CO 30 4=1 ,-HY
J L= j.
YF=YP+STEF .. ,P'1 P = y p '.-1'E.,.*.-."

IF(M ' D JLfJ .Eo O E 0=-.

X M I H X;< I

XPI = TE P *F L') . 74 'K- F H .+"
* .. ,: . .

0 .4o, I F(rOD .J L,2 E .,' I Mg=x -; TEP F. -I F I'i 0 E J L,2 .HE. ; X PC . ,=' .: - TE F

C, 0 20 1=1 ,HX
XP(I )=.P( I)+STE *SlG
IF( I .GT. I ) XP( I )=XP I-I )+STEF-,S,

RE440~ill (-"li I

DO 18".., .=5

PCK )=FLO T( I.AL , K

C8 C ONT [.E

CALL CALCUL (PVYRG.WAR G.PR, rOeT > f, T Q.6 T

V( I )=VAPR "'".""'fh r I ) = 11 A R r '' -
X P R ( I ) = B T / g T E . , " _I, . .; l .

20 CONTINUE

200 DO 210 K= .HX
iR ITEt 2' IV2' P(K 'P v , V C R

210 COHTII'JE

IF( i,3(JL 2 EQ. ¢,) GO TO 4,.,v
KR=O .D 0 30 r K= H I I ::'-

KR-K * I"" "

3 ,;,,) , X P L I S 'K )=fP K" R = F-R.
WRI TE, 3, ) (X FLISO( K .K- HX RECORD 5

T Y P v i1I,.( I I I:X P L 1E9. , ;. -
1l[! FORMAT(5F12 3;

G o TO 30-
400 4RITE(3,*> (XPR(K),K=, HX) RECORD 5

TYPE 11 I XPRKs,K=K ,H) , I

30 - CONTINUE
CALL CLOSE (1)
C LL CLCSE-(2) .,-



C 14L L CLOS~E '.,E
C AL L ASS I GH I ~N r

CL L A~ R (y 0SL AES '!-:

3~~E( '-~5 T 1rLE

REA C,( I N'i~ Y

R £ D "1 X .A 9 *. K 1 HY

WRI TE(2 2~ 212 X P XL 1 S'J 0) ir

92 .999 CONiTINUE
- CALL CLOSE I1

CLOSEICf4IT=2, DISP='PRINT'e

ft . CALL PEV'ERS

C V~DTA REDUJCTION ROUITINE FOR UPDAtTEO rRATA.

c CROSS FLOW YELOCITY Cojp#3HiT- A47, Tl3TcL PRE3 &-,URE AFE CLC'JL TED
SUBROUTINE CfiLCEJL (,~~:,
DIM~ENSION P41 )

Ccc ASIN(X)=ATAN(X/SQRT(.-X*X))
cc c A RC 0S X=AT A H S 9 P T 1.-X *X)
C

PflDY = ( P~ ) +P(2 )+P(3 )*P(4 ')*o ~

D D P 2-P (4)
~ EE P( I)-P( 3

AD ABS( DD?
AEE =ABSEE)

*F F = AE - ADD'
I F (EE .EQ ... GO TO 2

G G c ASS( DDIEE
F IR = A TAN( GG
F! 180.*FIP'3.14155
GO T 0 3

F IR =3.14159/2.0

3 R A =DD*CDEE*EE

el SORT ( A
B IR 8 BI./A8SSP( 3 -PI1OV
I F (F FL E . 0.Q5 > GO TO4
IF (EE.GE GOUt TO 5
T I 13 7 8 8 6 P+ - .12221 -4e

1 (2. 933134E-l)*BlR**4
T2 a-(2.69?529E-2>*&I.R**5
T H z Ti + T2 - 1.24121 7

=1 a ( . 7 1 9 - ) ( .4 ;1 4 - ) i ~ - . 9 5 2 - > T * 2-

0R2 x -5. 36 " 912E - 6,THit*3 + 5. 53 3 3-,T H*4
a3 (-7.405356E-9>*TH**5

PD a (DlI+D2 +D3)e1.0
ft.,Cl a (?.06383OE-4,*THi'(-3.03239C'E-4)*TH*a2e(4.834588E-5)

I *TH**3
C2 *(-1. 430398E-6)*THi**4,( Z.6l21O8E8S)*TN**3-C2.3197S6E-10)

I *T H*6
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10 R.HT P A e

IF ( ( FI).GE.P( 3 .AND F( 4 .cE P~) U =

IF ( ( P' I ). GE. P 3 A 1. D F( 2 G E P 4 4, U 1

IF ((P1l.LE.3 .D~F:2G.K; QL! 4.

T H =TH*3 .14 159,1 180 0
IF (CP.LT.. 0 cp
IF(:TH.LT.c.; GO Q ~33

- $STH=SIN(.TH)
SSF IR=COS( F IR)

SAL .SI W TH)* C 0S (F IR
CTE=1. -SAL*SAL ~ ~
C GR COS( TH)/SUI.TrCTE*;

ccc CGA COS( TH )(SQRT(A6S'(lI. -SAL*5AL ) )
CAL=SGRT( I1. -SfI-*:AL>

C cC TYPE TH,FlRSSTHSSFRl ,3AL, CG4. CT E

U U = C 4 L *~ C~~4-.

Y . C A L *' A,-

I~ IF(QL EO. . .t~.? E) 4. Y=-Y
1 F".Q U E02 . R Q j.E 2 . 4v-
riO TO 'S33

832 Vz>

833 RETUJRN
4 1 F (DE,.L E . .1> GO TO 6

T .1 z21 .536'81*91R-13
T 2 + q,)5 3 0:43 fE I Fs>.-.2~A~~4
T 3 ( 1 0 3 7 . 4 E- 1 1c- 4 4 CE 2 &1
T H =TI 1+ T2 4 T3 - .e t'4 4

DI 1 95 .'093289E- 1 ;w 8 .1 4TOE-4 ),rTH-(6 . 7 7 k;137E-5 >*TH**2
'5 461 1 45E - IS 'r 4 : + 11 45 53 7 c4 E-7 )T H 4

0'3 E (1 I 37~.-E

Cl I = '-3. %E-p;*, .. u w~5- ~ H~-H**6 .9E4 .

PD D 1 + 2 C,3)*1
C2 . 4 r, --.E-3 , . E .3,L-* H*5 1.- 9'Q E -

I O TO H;

p. = C3 77"58E-4EP*- Zi3-~&~i

TH = TI+T2+T34O.494I?21

D 2 *(4. 345;33 E -3*T H*'.3-p ? 154E6 ~T H**.4

cl = (-2.833686'E- 1 
*H , I .995,2c'E-4 )*TH**2-(3. 455.378E-5*TH**3

*C2 = (1617E6)T*4k 517231E-8)*TH**5+(7.e831,6O2E-11)

*TH**6
CF P Cl+C21.41-2665E-3 . g

1Q TO 1 12

I(I.284068)*BIR**4- .- ,
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E5 "
TH = TI +T2- ) . 3739 14

DI = (5..R33296E-!)+(2.877764E-,;*,.TH+(-1.635622E-4)*TH**2
D2 - (- .422516E-5 )*TH*3 +( E, .92 993E-7T *4

D 3 - (-e . 5 3 081 E - 9 -'T H* 5 ,'' '.

PD = e I .C 2 D"

C1 = (-'8.130340E-4 )*Tl-(2 . 6873E-5 T H * 2 + 2 .82 430E-5)*TH**3

CP = C1+C2+7.536941E-4
GO TO 10
END

C--------------------------------------------------------------------
C SUBROUTINE USED TO PLOT CROSS FLOW VELOCITIES ON PP PLOTTER

SUBROUTINE REVERS %.

COMMON XP(50),V(5"),U(50), IVAL(5),P(5),XPLISO(50)
COMMON XPR(50),VR(30),UR(50), TITLE(2C'),NXNY '"."

C
CALL ASSIGN (2,'STREAN.OUT')
DEFINE FILE 2 (0,8,U,IV2)

CALL ASSIGN (3,'STREAMP.OUT'>
DEFINE FILE . (0,8,U,IV3)

C 
VY2

READ(2'IV2) NHZ,RNZ
RITE(3' 1Y3) N.NZ,RNZ

C
00 40 .=t,HY
DO 10 I,NX,.
RE D(2'IV2) XP( I), Y (1 ,( I.... -.'"'

10 CONTIHIJE
C

L=O
DO 20 K=NX, I,-
L L + !;-l'''

YR(L)=-V(K)
VR( L )=N( K"

20 CONTINUE

C
D0 30 K=I,NX
-WRITE( 3' IY XP(K),, V YF(K.,WR.K' '

30 CONTINUE
4 C- CONTINUE

CALL CLOSE'2)-
CALL CLOSE(3)
RET U RN
END .. 

"- -

I me,

.-

*s 

,;

, l.- 
"
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CP.P .. CAT F ILE FOR I Sa3EL I HE.
NA !tE :[EW PROSE A d VE ): I E 3- !l HET :r I IF.,'' INET
HI 3DIF1ED FOR CROSS FLOW K1MIET, ENE ..;IE1FITE, L -_ CA G 'PDONEEll A AT E I 2, -MAY- - -

• {: PGIIl P£EPQ E. DATA FOR fI,!INET!rC .!NP: 3..0L i - .R '
P C1 LC-TE E CR T F_ LOU KiN3T.. I N E, .- TL,_ E.T

M"IAINSTREAM YELOC E TY
PROGRAMN HFVK1NETt''tP R 0 ,, ;(Fr C).l.5C'*,!*E T::.: --. :('.1- :.

to, r, E N S 1ol XP ( v 5 :, tJ 5,.4 :•, 4Y 5 5 , L ( 5 :. C Ff EL-D" 111 E 1-tS!10N XpR(g 7, yR f: ,5 , ,# C !5 ,7 ,i: ;7 74 D C: E Z ,, D.F KE L .56 ,

L1GICAIL*1 NAMEI. 15),N A RE - 15 ' 4:1 E3( 15 ,YES
c

RHGAIR=l .225
R H U U A T 10 o o .G =9 .8o V 3 6 :::--

TYPE 100
100 FORMAT(' NUMBER OF POINTS ON X-AXIS ' ""

A CCEPT I 10, NX

6, TYPE 120
12' F0RiiT tl' iBER OF POINTS OH Y-AXIS '$)

C.'EPT I I ., Y
TYPE 130

130 F 1.1 l T. INITIAL VALUE FOR X '5)
*CI E P T 140, :Ki

140 F0RMA T1( F I ..
TYPE 150

1 1, AP.)'M AT,' " INITIAL VALUE FOR Y 'S-

ACCEPTr 140,Yl
TYPE 155

' 153 FkRMAT,.' STEP FOR. X/Y ' '$)

ACCEPT 140,STEP

TYPE !60
/16, Tj DATA INPUT FILEAME s)

• C;4LL 1ETSTp ( 5,Nt il EI, 14
: '1 ~~;4*L L. k S S I G H t' I ,N AMl E I '" "" ..... :

.EF I'iE F ILE 1 (0,5 U, IVI

T YP~
* C tt C.i C..'. P '

%.L E T :3 T 5 HE3j ,
r S' i i. 

,-1 
7,,4,.E3)

,P,CALL kS51*,',. - 'KitiER.OUT' ).

DEFINE FILE 4 !0,8,U,I V4)

I .< ;IY4=2

TYPE 50
5., FlRI TT T I PT L F ,'F F I R E3 LO RF 3 S XI-.T

-' C E P T 5 2 c T I T I E

-, 521) F OR M A T C'2q ' Q A4.;.,-
3:R TE: ,-3 5 T TLE rD 1.:' C 7FR F LI"-"-"."

3 2.3 F OR MAT I X,2 R OA ""-'-4

" 4RI TE4' 3,* HX,HY RECORD 2-- " -""

%p(, I )mt, .
! :~ ~ ~ D 530 I22,HX'"."-:

3 30 XP(1) -XP(I-1)+STEP .. . . . . . . ''

WRITE(3,,*) (XP(K),K=l,NX) !RECORD 3 - X-COORD. .
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F2
DO' 54'* J=2..NY

540 XP 4 ~P )-+ ~STEP
W R IT E(*3,) (X P K>K I N Y RECORD 4- Y-COORD.

VP i-STE P
0 T'ePE 1010

1010 FORMAT ' gATfOSPHE-RIC PRE 'S U1 F
ACCEPT 140,PAT
TYPE 10'20

1020 FORfiAT( ' TEHPEAT3RE
ACCEFT 140, TO

TYfPE _1030
1030 FORIIT( ' DYNAI, IC PRESSURE MHi H20) $)

ACCEPT 1 40, DP~iH
VELSQ= ( 2 . *RH9WA&T*DPP1lH ).'(J 1G, R* fi y
C TE =DRI*

C
* - CFKE-T=O.
.. . . . ............................ ..........................

DO .30 J=1 , ff
J L =
Y p Y p-P. -- E

C
XM M=X I

XAX=.9TEF*iFLO4T(NWN-1)+Xj

1 040 iF'?NOl4D(L,2).EQ..')) XPK1x+TI
1 F % i( .J L N E . ) ) X P I I~ W ti -S E F

C

DO 120 (=,

1 :30 C(1147 INUE

CAL.L CALCUL (P,VARG.W A R F T T 4

C- F . L.

PC F K FL. 1 ;' E I V F '~

rFPI E j I 1~'F~L I i" Vt

D;, ~ ~ F L,[

I F E i i .. E 0 .7j

IP L I SO 'K =XP .;

jJ R4. 7 TU 3, I -I CK =IW<ROD5

TYIEE41 4 V III WV' I D KEL D >CFFEL K ).ELSCK T~.X
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P E P, N

.rk D I,4 ,'F I N I

V r ..

1'fV3Y~ =(()+P 2 )+P<3~P4)-< 2

I L LZ S1 C 0 F.Pa.0IA

p iK i P 4~

P 3

f~~ 1' 6' 14

G.~ 0 T i

F---

*Fl i8R'z 1 4 r3 412

FO TO A

FE 3 3 3* 41 I21"

TII + SF T ~ 14 j4

(5 (F70LE09E--Y') r(s 4 . 4 14 L 3 * H 3- *#

2E ', -( ? . ... .. -: 52?F " :. : I . -5. .'---
K " T ' : 2 7" ' :; i . ;." I. i - '"" " "

?':, ,:. .! . U! .,T.- -.4i
'!--:. (,5-.,- IQ E ,44. j1 4L3,i .--..-0 -~*
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4F4

..- . .. - .. . . . S. . - . . .

, , "" , . ( ' i l, " • "ts .l- , .O. . ... • 4 4 . , , - .. .: . . : . . . - _ " "-\.

. .. ..: 'A -:'- H-.-.... . . . ..

S-. .

'--'i .- 7 3 t -'. . - . , .

ii rr H 'N

.4

P4- .. . jKF,.-'2 ...,.-.C-

c% -RFt SH

c 75 F -4

, 1 1 7 2- t: b ; . F I R --

T .,5,7 E -I. ..*-.F,-

3;;- .. % , 4*..

T4 H T +T3+0

I a i.? 71)O 7T1 . 1 5; 45(E' * H *

2 --4 ._,1

D .. .3'' 3 1 S 24.. . . . . . . . . . . .,

• _ ~ ..-..-
|, , r = a ' ; * ! ,. .. . . .. . . . . .... . . .. .".

-.. - .~~ H , ,, ... .- ..& .

..,'., CF)  -Ci-t->._9. ? 7?5%Eb-4
GO TO i'' '

T" ...-. ,- -N7.

V"d. ('2 - (-4 3 45$riE-j ",* t k .' 2-  ' 5-9-6)s1K**4 \'

4 4 = (:-4. 8 ')SE-8;*TH ti .. 3 I24 -fl41E-IC *TM*4 .... "t-6",
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50

2 OPEN 1..4.G4

2 OPEN 4.,4.,4
5 POKE '848, 5

.' 6 POKE eS51,1
7 POKE 853,1
8 POKE -52,4
10 PRINT#4:REM ENABLES ERRF.. DIAGNOSTICS" "'-"20 DIM I (,8-). ,,X(",' 5 , , T,._ .,P(5) ])

30 DIM CF,,5), ' S T'C'.5) '..
55 ST(1)=C'
60 READ R
70 DATA 2-7 :-4':.@
80 FOR =TOS.READ CF( I :NEXT
90 DATA 133.32,9.065,9806-'4.-4.-
100 INPUT"DATE" ; I (3). I (4). I (5).
110 POKE 852.. 4
120 INFUT"NLIMBER OF TRANSDLIC:ERS TO CALIBRATE.,O T' END"; NT
130 IF NT=O THEN 1000
140 POKE 850..,1

i,180 INF'UT"WHEN READY" TYF'E I ., KK
190 IF KK".''> 1 THEN 18 :0
2.10 NP=0
210 INPUT"YALUE OF F'OINT AND UNIT INDE':"; R'.. I.,
220 IF IX=8 THEN 325
230 NP=NP+ 1
240 REM CLEAR AND INITIALIZE STORE
250 Y'"',( ' 01 )
280 Y(N:P)=RP*CF(IX)
310 V=PEEK (860:)*256+PEEK,(861:: -2048
320 X(t4P)=V:PRINT V':GOTO 210
325 GOSUB 5000:REM LINEAR REGRESSION

330 PRINT#1, "CALIBRATION OF CHANNEL"
340 PRINT#I
350 F'RINT# i., "F'RESSURE "DIGITS"."CALCULATED RESSURE"''
355 ER=.
360 FOR J=ITO NP41; 3 6.3= "C(J):=A8+AI*X(J)"""

365 ER=EF.+ABST', ( ..fJ)-'Y(J* :: ::, * 1 'Y1
370 PRINT#1 ,Y(J);"P " .. ,X.' .. ) .YC'(J:; "F'A" :NEXT "o"
380 PRINT#1
400 IF ER<I.00 THEN 420
410 PRINT#1., "POSSIBLE ERROR IN CALIBRATION OF CHANNEL"
420 ,RINT#"REGRESSION COEFFICIENTS ";AO., Rl
440 PRINT# I "MEAN ERROR". ER :INT# I
450 GO TO 110
1000 POKE 850, 0
1012 INPLIT"F'-ATM, lN'.':1 FOR HO. 2 FOR H20": F'FT., IC
1013 PAT=F'AT*:F' IC
1014 INPUT"P-DTT IN MM H2C'" . P1,
1015 PI=PICF(2)
1017 INPLIT"AINGLE OF ATTACK;" AL

e- 1020 INPUT "TF '"EFE A"; 1 (2.
1030 POKE 02, 12
1031 POKE 01,123 :REM INI US ADD
1032 INPLIT "TEST NUMBER". ;(1 .:',T

1033 FOR J=T05",
1034 A=USR(I(J))
1035 NEXT J

WWI -1040 A=USR(-1)1090 INPUT"TOTAL TEMP IN PEG-C"; TO
I,. 1892 T0=T0+273.15

1895 RHT=PAT/(R*TO)
-- 1096 UISQR(2*PIRHT)
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I C2 F0 PINT# 1, "DATE".- 1 3)' 1If4' 1 R iT
- *. *, *-, T FIN~

1 I FF 1P I NT#1 I. TESTS: COND IT ION3" PFF.LitIT#lI
1 -0'PRINT#1.. "ATM PREES;URE". F'AT.: PA"
1204 FF INT# 1.. "TlEt'P TOTALE"I.; T.;l "K"~
120 PRFIlT#1.. "TR.A'V*ERSE A".; 1 (22::':; "
1 * F0 6.PINT#1 .. "TLt-INEL SPEED".;l'Ui.
12 0 7 PR I NT# 1.- " PR.. l'TNI'.*- P 1.I PA"
1 208 MiU= 1 49_'E-06*T0 TH . 5.*.' (TO+ 120:
1209 RE=RHT+*L1*.062.Mt-U
1210 PRINT#1.. "RE NO. "..;RE: PRINT#tl
12 11 PF.INT#1.. "TEST NUMBER"; 1 1::' PRN4 RN~lFIT1FIT#i PRIN
129 P01=0
1300 INPLIT"E;!UILIBRATION DELAY".; ED
1310 POKE :349,E.
1320 POKE 5 9 4 59.4 252 R EM "."IA D DR P INS 0.z 1 INHP UT

* 1330 FPOKE 59471., 12' REM FPUTS; 1 TO OLUTPUT FINE3 2 -
1:345 POI=POI+1
1350 FOR J=lT05
1370 ~S'TY;S(3017)*
1 380 POKE 59471.4:FOR K=i T0,5l:NE:<-,T
1390 POKE 59471,1 ' R 1*K= 1 TOSO0OtC*%.
1400 SYS (3 1'45)
1430 V=F'EEK (836.0 ,'56t+PEEK (36..1:: -204,3
1440 P(J)=A0+A1+ll
14 42: HAtU.R '.V .

1443 NEX--T
1446 PR:I NT#1 I "PO INT". PO I, X:*:; 'T .YS ' PRIHT#1I
1455 PMU'T'= (F'(1 :+Pf *2::' + P:'+P'.4)' ' 4
1460 PDP=(P(5:')-PMOY)/ :'.'1
1465 DDr=P(.2:'-P(4) :HH=P(l1 -F(':
1468' ADD=ABS r'r' AEE=A:S (HH) FF flEE-ADD
1469 IF DD=0 THEN 14-75
1470 GG=ABS(HH/D. :FIR-ATN1b' )FI-130.*FIR."3 .14159: :GOf TO 14,=0
1475 Fl =fl
1480 RA=DD*riD+HH*HH
1484 BI IIQRFH:.)
1485 B:I '=B I. *'HABS (FP (5) - PF1OT:
14 8 6 CF' 1 'PF')i/P1) n
1527 IF P(' P(3)ANDP(4))>=F'(27) THEN .U

1528 IF F )'. F"3:'ADP(2)> '-F'(4.'THEflI QLI=2
1529 IF P~l)1' P(3)ANrIP(2):::=PIA) THEN QLI=3
1530 I F FP'( 1 ) ,-=F'(3):IANDP (4):K::=F'(2:I) THEH~ .;Q3:U. "A R N4
1541 PRINT#1 .. P1 ".. F'( 1); "IPA". "1P2".;1 P'12: P3 11P"-)P R T
1542 F'F.INT#1 . "P4".; F(4);. "FPA",. "P5".; P(:' .) "IPA".. "[l .ETl.;I"i:P" .;Ci:PRIN1T#1

1543 PRINT#1 . "E:IR".; BIR, "F'DP" .; PDP.. "PMlOY"I '., PMOITI PR i T# I PRi NT# 1 PR INT# I
1550 0c0 TO 1850
1710 0O TO 1525
1350 F'RINT"AC!LIS-;IT ION ;SF'PENDED. FOR F.E::T IH T.. TYPE 1"
1860 INF'UT KK

FT 1870 IF KK=1 THEN 1310
1900 SYS(~31362)
1910 PRINT"ACc'LISITION SE;USF'ENDED. TO RESUME, TYPE 1"I
1920 INPUIT KK
19:30 IF K i'=1I THEN 1 10
1960 00 TO 2200
2200 END
5000 X1=0 'r10 :XY'=U X2=0:*2=

S 5010 FORJ= 1TONP
;N5020 X1=X1+X(.J) 'T'1&9+T'(J)

5030 XY=XY+X(JrYJ ': ):
5040 X2=X2+X(J ) 1-2:T'2=T'2-+'r(JI T2 N.EX"T
5050 DN=X2-X 1*X 1/NP
5060 Al =(XY-X 1*T' /N-P) ?DN

' 5070 AO=('9-A1*X)/NP
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5100 RET_ .. •
8000 IHPLIT '",BEER CHANUEL".; "

0 8020 POKE 40970.-0 03
8030 POKE 40971.-0
8040 A=PEEK ,:4097,2 ::' IF NOTA INlD 12"D THEH .040
8050 W=FEEK 4097:': IF IOTA FI'D 12-- THEH 807:
8060 A=A-248: 00 TO 8080 6':80,.-0 R:R+8

8080 A A=A+*25 +PEEI< 409,-"4 : 9 -204: .':-4
8090 PRI-INT"OH CHAiINEL NIUMER".; IA DA "'I GI T"
8100 GO TO 8000

READY.

p.-..,.

<'-'?,.

*/% .. " 5

I11111

ww

2:.:... -.. ,

St. .-..

V.P . 5,

.• .i -

"'>" ' " -- -I
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1 OPEN 1..4 I H4
2 OPEN 4.,4.,4
5 POKE .4-, 5
6 POIE 851., 1
7 POKE 2.53. 1
8 POKE 85..,4 .- 10 F'RINT#4: REM ENABLE. ERROF: DIAGNOSTIC'.

20 DIM 10::., X,'5 Y(.,T ) P ('::
30 DIM CF(5:, YC,
55 ST(1:' =C
68 READ R.
70 DATA 287
8 FOR I= 1 TO5 : READ CF I::': NET

0 DATA 133.32, 9. 8035., 9..-,..E+04.,,4. ,., .
100 INPLIT"DATE" I ("3, ) 1(4), 1(5)
110 POKE 852.., 4
120 I NPUT"NUMBER OF TRANSDUCERS TO CALIBRATE., 0 TO ENTD".; NT
130 IF NT=0 THEN 1000
140 POKE 850, 1
180 INPUT" WHEN READY TYPE 1 "KK

190 IF KK.':Q> 1 THEN 180
200 NP="
210 INPUT"VALUE OF POINT AND UNIT IDEX", RP. I::-::
220 IF IX=r THEN '25
230 t.IP=NP+l
240 REM CLEAR ANII INITIALI2E STORE
2503 '-' 3 20 17)
28 .- Y < F' =RF' C F,: I e.:,* 8 '"N..R kF.. IX:' I

,, -P 3 E.:.PE (, 6 0 ) +256+PEEK (861 :' -2048
320 ..,0 NP) = :'' PR I NT : GOTO 210
325 GOSEUB 5000:RE,1 LINEAR REGRES.-ION "
330 FRINT#1.. "CALIBRATION OF CHANNEL"
340 PRINT#1
350 PRI NT# 1.. "PR.:ESSURE". "L IGITS".. "CALCULATED PRESSU---;R-lE"-
355 ER=O
360 FOR J=1TO NP
363 YC(J)=AO+AII X,("::'
365 ER=ER+ABS ( YC (J) -Y 1 .. ::, ::, .1 18/T 1
370 PRINT#1 ,.. Y( )'; "PA", X(J.', Y: (.3) .. "'A": NE:.:T
380 PRINT#1
400 IF ER< 1.00 THEN 420
410 PRINT#1 "POSSIBLE ERROR IN CALIBRATION OF CHANNEL"
420 PRINT# . "REGRESS I ON COEFFICIENTS " .;AC_., A1
440 PRINT#1 "MEAN ERROR" . ER: PRItNT#1 .
450 00 TO 110
1000 F'OKE 8I50, 0

0 1012 INPUT"F'-ATM, CON'V': 1 FOR HG.,2 FOR H20" F'AT.,IC _.___

101:3 PAT=PAT*CF( IC::,
1014 INPUT"P-DYN IN MMH-"- .0 P 1
1015 P1=P *CF,2::
1017 INPUT"ANGLE OF ATTACK"; AL
1020 INPUT "TRAVERSE A".; 12,:"
1030 POKE 02., 12:3
10:31 POKE 01,123 :REM INI LISF: ADD
1032 INPUT "TEST NUMBER".; I ( I)
1033 FOR .J=1T05

'.- 1034 A=,SR(I(.J)) --.
1035 NEXT J
1040 A=USR(-1)
1090 INPUT"TOTAL TEMP IN DEG-C";T.
1092 TO=TO+273.15
1095 RHT=PAT/(R* TI)
1096 UI=SQR(2*PI/RHT)

:-, "_ _.. .. _ '" J.-.= , -



- -. . r-7 . 7 -r ..

1200 FF:IHT#1 .. "DATE".;I (3:' I(4) ;I 5:9iPR'INT#I

1202 PRINT#1.."TESTS CONDITIONE;" :PRINT#1
1203 PRINT# 1.."ATM PRESSURE".; AT.MPA"
1*204 PRINT#1 "TEMP TOTALE";.TO. "K"'

::Z:: 1205 F*RIN~T#i,"TF.AVERSE A".;1(2:';"F'
1206 PRINT#l.."TUNNEL SPEED".;Ul.;"/'
1*207 F'FINT#l , H"PR. D'iN" ; P1 ; "PA"I
1208 MU-. 4962E-060T00.5/T+120:)

* :. 1209 RE=RHT+U1+. 062/MLI
1210 PRINT#1.."RE NO. ";RE: PRINT#1 .± 1*lN# PiT

:, 1211 PRINT#1 .. "TEST NUMBER".; 1(1: RINT4U : RINT#1 :PRF' .''NTI:RIT

1290 PI-'LJO
* 1300 INPUT"Ec!UILIBRATION DELA'T'MED

1310 FOKE :349., ED
* 1320 POKE 59459..252: REM "VIA DDR PI NS- 0.1 I NPUT

1330 POKVE 947,2RMPTITOOPUPNSQ
1345 -O=O~ Z.7. 2AE LT 1T UPTPN .:
1350 FOR .J=1T05

1380 POKE 59471,4:FO R K=l T095 :NX
1390i POKE 59471,12:FOR K=1T0500 :NIEXT
1400i SYS(31945)
143 W ,-EE/Ci..61 .* t+FEEK0601::-204E;
1440. P'KD=AO+H1+V
1442 H=LSR ('.)

146PFINT#1,PIT;OX"XY"Y:RN~
-. 1455 PMD Y=' ' '::'+P (2::'+P(3:'+F'(4:':'.4

.5 1464 F' F' ::'+18 :P(1::=P(1::+10
1465 DD F' *' P(4) :HH=P(l1::-P(3:
1468 FiDHE. *'rD) :REE=AB:;(HH):'FF=AEE-ADD
1469 IF HH=u THEN 1475
1470 GG= HE...DD/HH)::'FIRMAN(G:: :FI=1E:0*FR/3. 14159 :00 TO' 14:30
1475 FI-'-t0
1480 RH rD*DD+HH*HH
1484 BI .''F'RA:
1485 B IF E I/ HBS;(F(5:' PI'T'
1490 IF FF<=0.005 THEN 16504
1495 IF HH ".,=.01 THEN 1600I~
1497 Ti=1- 7'2858*BIF (211 *23E-1 )*E:1R12-(0. 942049::*BIRI3- +':2. 933134E-1 ::*BIRt

1510 TH=Tl+T2-1.24U12'1
1515 r'1=(9 ::70109E-1::+(4. 46614E-3);*TH+(-3. 990502E-4:*TH12c
1516 D2=(-5..36291E-6)*THt3:+(5. 53:313E-7:'*TH 4

1: 1517 Dri:-7.~40535GE-9):*TH-T5-
1518 Pri=(tI1+D2+D3::*1. 00000
1520 C1=(7.065830E-4 ::*TH-(3. 03239E-4:*TH 12+(4 .8345:3:E-5):*TH-T3-,
1521 C:2=(-1.43039E-6)*THT4+(2.612103E-:3.*THt-(2.31978 6E-10::*T-i n
1522 CP=CI +C2
195'5 MV*=AE:S (:':P 5:'-FI'Or'*2/',('RFHT*F'D):' M:r*'V=SQF:(MV'.
152 BT=P<5):+CPRTMVM/

* 152 IF P( 1 Q=FP.3:AN DP (4):: ' .:2.' THEN O!L= 1
ol 1528. IF F( 1:i:::=P(3)ANDP(2):=P(~4). THEN QU=2

159~ IF F'(1:Q(P(3::ANDP(2): =F'.4 THEN Q=
1530~ IF F'(1:'KP(:3)ANDP(4W:=P':2). THEN QU'L=4
1531 FP=BT/Pi
1541 F'RINT#1 ."P1 ";P( 1:'; "PA".."IILADPANT".; OLI." CTHETA]".;TH.; "rEGF:ES" 'PR I NT# 1
1542 F'F.INT#1 .. "P2".;PF(2: ; "PA". "[FI]".;Fl ;"DEOF:ES" :PRINT#1

~v. 1543 PR INT# 1 ."P3".; F'(3) ; "F'A " "PD' ;PD." '.ELO':.I T'T" .;M.;"M'S " F:I NT# 1
1544 F'RINT#1, "F4";F'(4: ; "PA" .*"CP";CP."F'R.TOT.LOC";BT;"PA" :F'RIN.T#1
1545 F'F.INT#1 .. "F'S".;F(5: ; "FA".."F'MO'T".; PMO9; "PA".."F'F".; F'F : PRINTM1:PRINT#1 FRINT#'y
1550 G0 TO 18:50
1600 T1=21 .53083*BIR-13. 946:39*BIR-t2
1601 T2=8. 953023EIR 13- (3. 248723) *B IR*B I R*BIR*B IR
1602 T3=(5.903704E-1)*+BIR15,'-(4. 14E:47E-2)*PBIRt,
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1621 t'=(-5.960415E-6::*TH13 (1.53ThE24E-7)*TH't4 IH31622 D1'.6 385"E-8)*THtS-(2.3~476,OE-10)THI-C
1623 PD='D1++D31*+.0 ]
1625 Cl= -. 2546E ,:aTH+1.2:%657 E-3)*TH12-( 1. 4360i69E-4)Tt
1626 C2=''.7680cOE-)*THt4-(2. 1725ci9E-7::.'*T'H-t'±KI-t.9005-)Tl-"
1629 CF CL1+' +9.777586E-4
1630 00 TO' 1525
1650 IF DE' L10.01 THEN 1685
1660 Ti 17.2694IRP8. 755624*DI PT
1661 T2=9 '48909*EIpv -2189*R4

* 1662 T::=(3.965.276E 1 '*BIR15-I .3163E-2)*:IE
1663 TH=Tl+T2+T3+0.4-'41921
1670 Dl- 5.95E 1 +'7 .5977E 5*TH+(1.564457E-4:'THt2r
1671 tv-u-4. 3-'95E-5)THrT.--+' .1 540E-6:*THI4

* 1672 tI:. -4. 3809E-8) '*TH t5+ (3 2467~4 1E- 10):*TH TG
167:3 Pt' 'D1+t +D' +1 i.
1675 C:1-2.8 S7E ')TH+(6.199820'E-4)*THt2-(3.45537E-5)*THT2.-
1676 t:-=(1 .1172E-6)TH T4 (2.517231E-8)*TH5+ 7'. 831 6,cE- 11 *TH tiE

* 1677 CFCLI+L +1.40266E-
1680 0" TO 1525
1685 T I= 12 12255* I R+(2. 3258 1:*B 1 R 12)-3. 229866*D I R. 13 I. 2C:-A0E8 *t: I R: M
1686 T2=-2.26:E258E-1 )*EIR15+'::1.489E2*IIE
1687 THTT-0.8373914
1700 Dl=- 9 ' 3296E- I +(2. 877764E-3):*TH+ -1 .6356T22E-4 *TH 12
1701 fr=--,1.422516E-5)*THI3 +(6. ':3993E-7::*THT4
1702 D=-.509-)T1
1703 FD=(D1+t'_+1' +1.00

* 1705 C1=(-8. 1: ,0140E 4::*TH-(2.066893E-5)*THT-2+(2. 829430CE-5:'*THT3 n.
1706 C2-(-4 _ ':9:9E-7::*THT4+(2.3290137E-9:*TH15
1707 CF=Cl1-'C2+7.53G941IE-4

* 1710 030 TO 1525
18:50 PRINT"AC:,flISITIC'N EUSFEfIDEt'. FR NEXT FOINT,~TYPE 1'
1860 INFPUT KK
1870 IF KK 1 THEN 1310

-. 1900 SYTS.(2:182 .7.

1910 PF IlT HLWUIEITION S:LSPFENDED.O TE' :UME. T''FE 1V
* 1920 INFPUT K-*

1930 IF KK 1 THEN 110
1960 00 TO 200
2200 ENDT U_
5000 X:: 1 =0: Y 1 0: ::.YT=0: __0:T'=

5010 FOR.J=l1TONP
5020 XI =X1+X(J) Yl=Y 1+Y9 )

5040 :.:=:+'Tt:Y2=Y2+Y(J:5:: 12: NEX T
5050 Al4=-- ''Y 1T *F:'P

* 5070 ASSYMAY+ 1 HF'
5070 F.: H1-*H1+:l ::+::,'F T2-T1T1,N:

5090 R2='-''F' HE. .'
5100 RE TURN
8000 1 NPU T"Nf MB ER ' HANNEL" N
8020 POKE 40970,0"

a 8030 POK E 4097,0
8040 A=PEEK(40972'IF flOTA AND 120 THEN 8040
8050 A=F EEK(r4.i-7, -. IF NOTAi AND 128 THEN 800
8060 A=H 248:0r0 TOj 80:0
8070 A=A+8

A8080 A= H*256+PEE1 ( 40974e -2048:
8090 PRINT" ON C:HANNEL NLIHEER".;1 .A.; t' 01TS'

0 8100 0O TO 8000
READY.
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